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Abstract: The 2nd level solder joint reliability of 153 FC-BGA for high-speed SRAM (Static Random
Access Memory) with the large chip on laminate substrate comparing to PBGA(Plastic Ball Grid Array)
was studied in this paper. This work has been done to understand an influence as the mounting with single
side or double sides, structure of package, properties of underfill, properties and thickness of substrate
and size of solder ball on the thermal cycling test. It was confirmed that thickness of BT(bismaleimide
tiazine) substrate increased from 0.95 mm to 1.20 mm and solder joint fatigue life improved about 30%
in the underfill with the low young’s modulus. And resistance against the solder ball crack became twice
with an increase of the solder ball size from 0.76 mm to 0.89 mm in solder joints.
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Table 1. Material properties of components in a FC-BGA
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) Fig. 1. 3-D Finite element model of FC-BGA on PWB (a)

assembly (b) globa solder ball.
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Young’s modulus

Component Material (GPa) CTE (ppm/°C) Possion’s ratio
Chip Silicon 165 24 028
Substrate BT 20 15.0 0.3
Solder ball 63Sn-37Pb 4325 25.4 0.36
al: 34
Underfill(A) 7.20 o2 110 0.30
Encapsulant I 60
al: ,
Underfill(B) 0.15 o2 180 0.35
PWB FR-5 31 70 0.45
FR-4 22 18.0 0.28
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Fig. 2. Schematic warpage behaviors of package on PWB

B9l T (cap) e Fol A slA Pt ojuf A
Aol M Ao Ag-2Eo], BHME Al &2
ol A A Aok 2y Foll wAHE WA =
Aot Foll o8] FC-BGAT PWBY] AR EHA 21
ol B8 8L 0 "t pWBY] g os A
= ZA%€ PWB AA 7t 71X & ot} Pol vy
&t7] di o] &1 B slsiAle ¢3S 22N 4
Ut 2 FY FC-BGAE ¥¥ AAHE B4
PWB= H7]A] 4] 2J8] M2 F457) Wi 3]
AAY 5 glo] B U $8o] & B shsia
th.” Fig. 29 #1712} 7} pWBol] A4 =9 A] @A) 8l
71X} el thair Ao g Yrhigge,

Fig. 3y A0 € A AE 9 FC-BGAE FR-49)
AARE o -25°C~125°Ce] FAlolE =AM &1
B WAshs S8y Ao WY IS goha s 9
Hato] vield Aolth & Bojja] sy wgo)
Wol dele B2 9 7P (edge)l A 245

[ Xirg

0.08

Y Maximum
g 008 4 . .\
: ,_,.,‘—-M"”“/./ .m-\
§ 00e . »
@ }
2
§ 0034 Center Edge
£
E
g

T 7 T T
0 1 2 3 4 5 [ 7 8 s 10
Ball number from center line

(a)

Max. point

\

by
Fig. 3. Distributions of equivalent strain depending on
location solder ball by finite element analysis.
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Table 2. Strain results of thermal cycling conditions by finite element analysis

Conditions l({;[ir:litzge Creep strain Plastic strain Total strain
1 0.0220 0.0287 0.0507
-25°C-125°C 3 0.0331 0.0186 0.0517
10 0.0368 0.0113 0.0481
1 0.01010 0.00136 0.01146
0°C-100°C 3 0.01110 0.00044 0.01154
10 0.01140 0.00000 0.01140
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Fig. 4. FC-BGA warpage on substrate material by finite
element analysis.
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Fig. 5. Cross sectional view of solder joint after thermal
cycles(underfill A).
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Fig. 6. Solder joint reliability on substrate thickness at —
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Fig. 7. Solder joint reliability on solder ball size at —25°C-
125°C.
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